Introduction
The choice of a particular architectural solution when designing a building considerably influences the costs of its construction (Ferry and Brandon, 2007) . Generally speaking, the more complex the form of the horizontal projection is, the greater expenditures for the construction must be paid. One of the reasons is the fact that the shape of the building influences significantly the number of such construction elements as foundations, walls, ceilings or the roof (Ashworth, 2004) .
The article presents the basic methods of evaluating the degree of complexity of the building shape. On the basis of factors specifying building shape complexity an analysis of multi-family buildings in Krakow was conducted. The analysis concerned 40 buildings constructed by developers who received their building permit in the years [2004] [2005] , and 30 buildings whose building permit was issued in the second half of the year 2010. The aim of the article is to assess the degree of building shape complexity of Krakow's buildings and to compare the changes in building design which could be observed during the recent years. The study also included the way the grounds were used for the analysed constructions.
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Methods of evaluating the degree of building complexity
The evaluation of the building's construction costs at the design stage has a decisive influence on the decisions made at subsequent stages. In literature one may find a number of factors deciding on the construction costs. Kouskoulas and Koehn (1974) identified the following independent variables specifying the costs of constructing a building: location, year of construction, building type, building height, building quality and construction technology. Brandon (1978) proposed using a building shape index, the number of storeys, the inner division of the building area coefficient, the average height of the storey, the coefficient specifying the percentage of the glass area and the compactness of the block. Karshenas (1984) added one more factor to these given by Brandon, namely the area of the construction site. Swaffield and Pasquire (1996) suggested the following: the percentage of the glass area, the length of the building perimeter, the building's total height, the volume measure of the rooms and technical corridors, the volume measure of the area used up by heating systems, ventilation and air conditioning. Sonmez (2004) in his regression model describing the key factors influencing building shape included: construction timing, locations, the area of the construction site, the percentage of the shared areas, the total area, and the number of storeys. It is worth noting that these studies, except Kouskoulas and Koehn's research, consider building shape and its derivatives, such as building perimeter and the construction site area, as key factors influencing the costs of constructing a building. Evaluation of the degree of building shape complexity is, therefore, a crucial decision element which significantly influences the costs of construction and the cost of building use.
Outer partitions, both vertical and horizontal, are relatively expensive elements of the building. Outer walls include in their costs the supporting walls and curtain walls, plumb lines, insulation, outer facing and inner veneer.
The conclusion is that the smaller the surface of the building and the more compact the block of the building is, the more advantageous the layout of the building is, as far as construction costs are concerned. A general rule says that the simpler the building shape is, the lower the unit costs are (Selley, 1983) . A building of a simple shape has fewer outer walls surrounding the floor area and a smaller number of ceilings. Building shape has, then, a great influence on the total costs of construction. This effect concerns not only the outer but also the inner loadbearing walls and partition walls. The layout of these walls often depends on the layout of the outer supporting walls. The improved layout of the building block makes it possible to improve the layout of flats and corridors. This should also enhance the relation between the living area and the communication area. Thus one can assume that a square-or rectangle-shaped building has the best building layout coefficient (Staedman et al., 2009; Wing, 1999) .
Therefore one may ask whether the shape and size of the building influence energy efficiency. A building loses the most of heat through walls and roof, so the less complex its shape and the more compact its block are, the lower the heat loss is (fewer thermal bridges and, generally, smaller contact area with the surroundings) (Zima, 2008 (Brandon, 1978) The W/F index (Wall/Floor Ratio) specifies the ratio between the wall surface and floor surface. It is assumed that the smaller the index's value is, the lower the construction costs will be. The shape generating the smallest cost is the square, for which the index's value is 0. The W/F index is expressed by the following formula:
where: L -building perimeter calculated from the contour of the outer walls, Ls -perimeter of the square of the same surface as the building being compared.
The LBI index (Brandon, 1978)
The LBI index (the Length/Breadth Index) assumes that every shape of the building projection is reduced to a rectangle with the same surface and perimeter. For a square the factor has value 1. The greater the value is, the more complex shape the building will have. The LBI index is expressed by the following formula:
where: L -building perimeter calculated from the contour of the outer walls, F -the surface of the building projection.
The PSI index (Brandon, 1978)
The PSI index (Plan/Shape Index) is a development of the LBI index and is expressed by the following formula:
where: G -the sum of outer perimeters of each floor divided by the number of floors, R -the gross surface divided by the number of floors. The Cook's JC shape effectiveness index ( Kouskoulas and Koehn, 1974) The JC index uses the relation between the perimeter and the surface of the building, and is expressed in the following way:
The POP (plan compactness ratio) index (Brandon, 1978) In this method the point of reference is the shape of the circle, which has the smallest ratio between the circumference and the surface of the building. For the circle the POP factor is 1. The lower the index's value is the more complex the building shape will be. The POP index is depicted by the following formula:
The building planning "m" index (Kouskoulas and Koehn, 1974) Since the results of using the various methods employing the ratio between the building perimeter calculated from the contour of its outer walls (L) and the surface of the building projection (F) are similar, the methods can be simplified by using this formula:
The "m" index may take the following values: -m = 3.54 -for a circle -m = (3.54 ; 4) -for elliptical shapes -m = 4 -for a square -m > 4 -the remaining rectangular and other shapes.
Considering technology and realization costs it is assumed that the most economical solutions take the index approximating (but not smaller than) 4. (Brandon, 1978) In the case of this index the point of reference is the shape of a hemisphere. When specifying the block compactness of a building one takes into consideration three dimensions of the object. The VOLM index is depicted by this formula:
VOLM (block compactness) index
where: K -the volume measure of the building, F -the surface of the building projection.
Outer walls (their number is specified in the formulas above by L) are a costly element, so each change in the shape of the building causing the increase in the number of outer walls per the building projection surface unit F will cause the increase of construction costs. The higher the value of the indexes specified in 1), 2), 3) and 5) and the lower for formula 4), the greater the complexity of the shape of a building and so are the construction costs. In the case of the VOLM index, the authors assumed a cube as an optimal solution, thus the optimal value of the block compactness coefficient is 3.84, which constitutes a nominal value one should strive for. All the values taken by the block compactness coefficient higher or lower than 3.84 indicate a greater
Evaluation of residential investments undertaken in Krakow
The study concerned 40 multi-family buildings constructed by developers in Krakow for whom building permits were granted in 2004-2005, and -for comparison -30 multi-family buildings for which building permits were given in the second half of the year 2010. The study used the records from the Office of the City of Krakow, Faculty of Architecture and Urban Planning. The authors analysed the degree of building shape complexity employing the formulas described above, and the way the grounds were used.
Description of the investments with building permits issued in 2004-2005
The analysis concerns 40 multifamily buildings constructed in Krakow, which received building permits in [2004] [2005] . The distribution of the survey sample grouped according to the number of the above-ground storeys is presented in Table 1. few percent of all new constructions. The characteristic features of the analysed multi-family buildings can be found in Table 2 . The table also provides information about the basic material from which walls (W) and ceilings (C) were designed. Table 2 shows that the most popular materials for vertical partitions in the analysed period of time were breeze-blocks Porotherm (47.5%), silikats (22.5%), ceramics (12.5%) and the MAX air-bricks (10.0%). Ceilings were mostly monolithic (82.5%) and filigree panels (17.5%) which allow to form rooms freely as there is no need to use supporting ribs under walls and partition walls, like in the case of suspended beam and block floor. The analysed buildings have the volume measure from 1 000 m2 to over 50 000 m2. Buildings of 600 m2, 600-1 000 m2 and 1 000-2 000 m2 constitute about 30% of the analysed constructions. Buildings with the surface bigger than 2 000m2 make up no more than 5%. Table 3 shows the distribution of the values of some chosen indexes evaluating the complexity of building shape.
In Table 3 
Description of the investments with building permits issued in 2010
The next analysis concerned 30 multifamily buildings constructed in Krakow which received building permits in the second half of the year 2010. The distribution of the survey sample grouped according to the number of the above-ground storeys is presented in Table 4 . The characteristic features of the studied multi-family buildings are shown in Table 5 .
Materials most frequently used for vertical partitions are breeze blocks Porotherm (33.3%), poured concrete monolithic walls (30%) and Ytong blocks (26.7%). Ceilings are largely monolithic (96.6%, in one case there was no data) . The other data in Table  5 describing the buildings under construction are the surface and cubic coefficients. Table 6 reveals the distribution of the values of some chosen indexes evaluating the degree of building shape complexity.
Only one building has the advantageous value of the W/F index. 4 buildings are marked by the LBI index also considered advantageous and 7 by Table 4 . Distribution of buildings grouped according to the number of the above-ground storeys the JC and POP. Precisely 43.33% of the analysed buildings has the coefficient value greater than 5. Only 13.33% has the shape which can be considered very good. As far as the VOLM index is concerned, assuming the same range of complexity as before, i.e. values between 3.50 and 4.00 indicating a building block as simple, only 11.11% of the analysed buildings can be thought to have a simple shape. As previously, none of the buildings considered simple according to the surface criterion possesses a simple shape when analysed according to the VOLM index. Figures 1a, 1b, 1c depict the influence of the change in the building shape and, consequently, the change in the factors evaluating building shape and construction costs, as shown in Table  5 . The construction costs of individual buildings presented in Table 5 were calculated in the investors' cost estimates by means of a simplified technique. Having compared the construction costs of 1 m 2 and the building shape factors presented in Table 6 , one observes a tendency in the building shape changes depending on the changes of individual factors. Thus altering the values of the JC and POP by 0.1 (e.g. from 0.3 to 0.4) changes construction costs to 3.8% and 7.6% respectively (Figure 1a ). In the case of the m, LBI and W/F, altering one of these factors by 1 causes the growth in costs by 0.9%, 3.3% and 4.4% (Figure 1b) . Finally, altering the VOLM factor by 0.5 increases construction costs by 4.4%.
The intensity of built-up areas
Evaluation of the way a building site was used can be conducted as an index of intensity of built-up areas. It is understood as an index specifying the relationship of the total building site area on a certain location to the size of the land of that location. For Polish norm PN ISO 9836 total building site area is defined as the area taken up by the completed building and is specified by a vertical drop of the outer edges of the building on the area surface. The area of a building site does not include the following:
▶ the surface of buildings or their parts situated below the ground;
▶ the surface of secondary elements, such as outer stairs, outer ramps, canopies, awnings, roof protrusions or outer lighting;
▶ the surface taken up by auxiliary buildings, e.g. greenhouses, gazeboes, or sheds. As an intensity of built-up areas index I let us assume the relation between the building site area P z and the area of the plot P t . When analysing how the area in Krakow has been used for Source: author's own data A slow growth in the use of plots for building investments in Krakow is noticeable, which is caused by the increasing experience of designers, who are "forced" by investors to maximize the profits from the use of the plot. What is even more noticeable is designing buildings having costs in mind, which translates into constructing buildings simpler in shape to decrease the costs of construction. Clients' preferences as well as legal requirements, i.e. the obligation of preparing energy certificates for buildings, which has been in force since January 2009, cause greater care for possible loss of heat.
Conclusions
